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SUMMARY

An empirical equation has besn developed that gives
the approximate_amount of ovallzatlon for tubes under
bending loads. Tests were made on tubgs in tHe TD/%
range from 6 to 14, the latter D/t ratio being in the " o
normal landing gear .rapge, . Vithin the range of the ser-— .
ies of tests conducted, the incredse in ovalization due T
to a compression load in combination with a bending load L
was very small, thg bending load being the principal fac— =
tor in producing the ovalizgption. ~ The oveiization is a o
rather complex function of- Yhe bending moment ; D/t ‘ :
ratio, cantileVer length end distance b“%ween opposite
bearing faces.
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INTRODUGTION’

v This dnvesligation was pr0posed'Because 1% has been
found that the cantilever landing struts on largﬁ air—-* ) _
planes fail to telescope properly when they are sdeected o
to side’ loads. This Tfreezing” of the’ strut serloualy .
impairsg ‘the shock absorpbion of the landing geary The T
faildre~of  the strut to telgEcops properly has been BE- . R
t¥ibuted to the ovalization ¢f the piston wﬁen’¥E——§TEB‘ T
load is applied and ‘the aim of thi's- investigation'ﬂhs T
been''to measurs this change in”dismeber - 0¥ ‘the stFdt and
to arrive at a satlsfactory ‘equation for. celcdlallng the
increase in diameter. < A8 far as the suthors have deter—
nined, no previous investigation has been made of the
ovalizatlon produced by this type of'load{ng. “;’i s T

‘This 1nvestigation was conducted in: the laboratoyles _ )

of the University of’ Fotre Dame nnder the, supervision of T
Prof, F. ¥, M.  Brown. . The funds wers. provided by the
National Advisory Committee for Aeronmutics “and the spec—
imens and photographs were supplied by the Bendix Products
Division of South Bend, Indiansa.



A

2 .. --« - NACA Techﬁ?cg% Note_Not 9223

SYHMBOLS .
M cantilever bending moment,; inoh-pounds
D outside diaméﬁér_PfitgyeJ ing@pé!
t wall thickness of tube, inches
w ovalization, inchses
-cantilever length of tube, inches

J  distance betweén opposije beaying faces, inches
DESCRIPTION OF APPARATUS

The appaeratuns._ and methbd_of‘lpading the test speci-—
men are shown in figures 1, 2, and 8. 'The support, for
the bearings angd loading’ apparatus, consisted. of a beam
,made of two 18-inch steel channels bolted “topgether by
means of steel plates on top and’ bottom. Thls beah was
supported by four screw jacks mounted on sach corner of
the beam., A fixed bearing was welded to one end of the
channels to form one end support for the tube to be tested
and a movable bearing was mounted on the top of the chan-
nels to form the second support. The load was applied at
the end of. the tube opposite the fixed bearing, . A port-—
able hydraulic jeek ‘was. used tq apply the bending load .
~to the tube, & cradle type yoke being used between the
tube and the base of the Jack ap, shown. . in figure 3. A,
Bourdon type pressure gage was inserted in the hydreulic
line of  the jack and was used to determine the load ap-—
plied; the gage, was calibrated, and the load read from a
curve of load vs, pressure. A similar cradle wasg used

to apply a compression .load (flg.,Bb) ot the tube through
the use of another hydraulic Jack, similarly calibrated

Several types of deflectlon gages were tested before
the final gage was decided upon.  Two types. are ‘shown in
figures 4 and 5; the latter type, figure 5, 1is the one
with which the most success has ﬁeen obtained.. Figure 4
shows the parallel-am type . gage. which wvas uged . for the
tedts made on the largest tube (diameter 4.610") ‘and on
the second tube (diameter 4, 375“) " A complete set of‘
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readings waé also takén with the second typseé, the doudble—
indicator gege, on the 4,375 -inch diameter tube. The
deflections indlcated by the, two tynes agreed quite close—
ly, but the sezond type gage wabs morée easily assembled
and is believed.to be more reliable. Thé double-~indicator
gage gave direct readings while the parallel—arm typs

gave magnified readings which:had to be corrécted, The
double—indicator type gage was- supported on, the tube by
four pointed setscrews, the screws being 90° apart and in
contact with 'the tube at polnts wheéere the deflection was
either zeroc or small negatively. The inditators used for
measuring the deflection were of the Jordan type and were
graduated in ten—-thousandths of an inch A L

An insgide gage con31sting of a- single Jordan typse
indicator, mounted so that it measured the change in the

-in51de dlameter at the 90° azimuth, was used for tubes of

.251 inch diamefer and less. The plane in ‘which the ap-—-
plled lodd acts was taken as the 09 azimuth, making the
90° azimuth the plane of the neutral axis’ of the tube.
The readings obtained with this gage were not_very reli-—
able, but they did indicate that the maxXimum dbvalization
occurred very néar station O (plane of the face of. the
movable bearing on the side of the applied load) as long

as the ovalization d4id not exceed the bgaring_clearance._

DESCRIPTIOF OF TEST ARTICLES AND
METHODS OF PERFORMING TESTS

The  test specimen used was made from an SAE X—4130
tube. The original diameter and wall thickness of the
tube was 4-5/8 inches outside diameter X 3/4 inch wall.
The over—all length of the test specimen was 47 inches.
Tensile specimens tested in the University laboratories
indicated the ultimate tensile strength to be 147,500
1b/in,?, and the yield point to be 117,500 1b/in.2. . The
Brinell hardness number was about 347, The bearings for
the two supports were made from an SAE 1020 tubdbe, : A
heavy sleeve wwas fitted over the end of the ftest specimen
in such a manner as, 6 to mgke the distance from the center—
line of the fixed bearins to theé centerline of the applied
load 55-1/16 inches,  For detalls of the test setup, see
figures 1 and 2 o . . :

The range of D/t ratios, 8 to 14, that was tested
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was. cbtained by reducing the outside diameter of the test
speclmen after the series of tegts had bsen conducted at
one D/t ratio. 'The inside diameter of the tube was held
constant at 3.125 inches. Tests were conducted with out—
8ide .dlameters of 4.610, 4,375, 4,251, 3.929, and 3.650
inches. 'In’ eaph case tne outezde wes ground concentric
'Wlth 'bhe inﬁidé, T . . . P I I _ R

"The outs1ﬁe dlameters of the tube were held to a
toleranée, of =0.00L.' The bearing clearance was held be~
tween O: 0020 and 0.0040 4inch over the. - outside diameter of
the tube. . This cledrance was designed to stay within the
allovable, bearing clearances 3pec1fied for actual landing
gears, . .

The first tests 7ere made to determine the points on
the tube where the increase in diameter of the tube wase
the greatest, as it was at this point that the tube wounld
tend_to,“freezeﬂgin the bearing if the ovalization hbecame
great—enough.:: The 'axial location of points at which the
measurements were taken are designated by inch stations,
using the plane. of the face of the movable bearing on the
slde. of—the applied load as the gzero reference 'station.
(3ee fig.,.2.) The stations between the reference station
.and the applied load ere considered positive, Measure—
ments were taken at various stations along the length of
the tube from the fixed bearing to station plus 10 inches.
The measuremeunts at each statlon were taken around the
lcircumference of the tube, .u8ing the vertical centerline
of the tube as the reference point, zerdo azimuth. - Azimuth
readings were taken at 15° increments.

Six bearing poeitlone A - B, C ~-D, B, and ¥, as
shown in figure.2, were used during the investlgation
the ratio of tube length to the distance between bearings
varying between 15,3 and 2.4. In thig case the length of
tube is considered to be the distance (55-~1/16 in.) be—
tween the centerline of the fixed bearing and the applied
load and ‘the distance between bearings to be the distance
between their centerlines,” In all other places in this
report the distance between bearings is considered to be
the distance between ‘opposite beatring faces (J).  This
criteridn was chosen becauae the distance between opposite
“.bearing faces is a ‘standard d351gnation in strut design
spec1flcationea The six values of 'J uged in this inves—
t1gation were 7. 12 12, 75, 17.36, 21.97, 26.58 and 31,19
inches, ~"The bearing p081t10n distances for positions B
cthrough ¥ vgry by increments that are miltiples of the
“_orlginal dlameter of the tube 4 610 inches.
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The gages used: HOr measuring ovaliZation were alined
on the tube by scaling the distance from the zero refer—
ence station to the centerline of the leg of the dial
gage and placing in the correct® azimuth by use of a level
bubble and & square;: The gage was theh fastened to the
tube sgo that i i T supported 1tse1f. i sE : :

. T RE L R '.‘;". Y 84 l"u SET - LR
. Befere beginning a test a comparatlvely heavy load
of ahout. 4000 poundgs: was applied to the tiabe in order to .

check the .gage forrsproper alinement.:- The number and_ggg___“m
nitude og the berding loads applied vatieﬂ with the bsar-

ing vosition and.jube diameter, A lowi lead was first ap—
plied and then incremsed in predetermined. steps until the
maximum load wapy reached, the reading:df the dials of the
gage .being recorded~as each load was applied, At leagt

two sets of readingsewere taken at edch. staﬁion as-a

check. o s s R coas LRULDEE i <~:;~4--

Sy s Teep FRm o : ==

The tests to determine the effect of a compression
load on ovalization were .made with andwithout bending
loads; -the ovalization:gage being alined in the same maz—
ner as for the tesits znyolvlng bendirng loads only. The*
compresgsion, doad was applied at thé centerline of the- ~
tube (sqe £;g.ﬁﬁhl for :ome series of tests With and with—
out a bending load and another series of tests with and
without a Yendipe load were madé with the- Gompression
load. being gpplied. eccentrlcally, 4 inches below the cen—
terline of -the tube. : o CoBT = “'*'*

. e L Ct o wEesTELE OERTITSN

ety IR O, i L
The end deflectlon of the tube was meaeured ‘for “ach

test and was used to check the applied bending load, The

hydrauylic gages used in- applying the %ending load were

cheokad Periodically. PR Lo Bl YT STTIOT 2 oevoa o T

= B —— - - = _——

',.__"_t.,._i - ‘~a. o . e e
The gageeused~tq neasvre ctheovalization were gradu—
ated to one—ten—thousandth of an inch. Repeated tests
were made at various stationsg alaong the tube and such _
tests indlcated that ‘the ;accuracy "off the measurement was
within four—ten~thousandths, and it was not unusual for ~
the repeated p01nts to. ﬁall within onk—ten—thousandth of
the. original test, .. L e - :“

I.ll
q
1
|

'“.' The gages used tQ ﬁeﬁeure,the oil preBsure“in the
hydrauljc .jacks, were calibrate& bO'rea&‘ﬂithih 30 pounde
of the true load.. o ToEe oo

The. complete data gathered during %his investigatlon
may be obtalned on loan from the Office of Aeronautical
Intelligence of the National Advisory Committee for Aero-—
nagutics, ¥ashington, D. C,
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'-”‘RESULTS AND DISCUSSION R

" Numerous mgasurement’s were made %o deﬁermine the
amount of ovalization as the circumference of the tube-
was traversed and figures 7 through 10 show spme results
of-these tpsts. Measurements were taken of the ovaliza—
tion of the tule ‘at, 159 increments from 0° gzimuth to
1800 agzimuth for the test on the.original tube- only.
&1l test results are mot included in this report,as the
tests were made to find the azimuth at whick maximum
positvive evalization cceurred so that later measurements
could be .concentrated on this- one mzimuth, This point
was found to be the 90° azimuth point. . After the first
tests, meaeuremente were taken only at 0° and 90° azi-
muths. - The 0° agimuth readings.were taken only as a
matter of record, as they were not considered ms a part
of this particular gtudy.

: One interesting feature brought cut in figuree g
and‘lO is that. the &xis of symmetry shifts downward &s
the bearing face, or zero reference .station, is approached. ”
‘The curve of theé ovalifation .around the circumference of
.the ftube closely approaches that of & sine curve,’
Teete wers conducted to determine the point of maxi-
mum ovalizatidn along the length of the tube., The re—
sults of these tests, as shown in figures 11’ and 12,
- clearly indicate that this point was at the zero refer—
ence station. _
The longitudinal and circumferential teste dis-
cussed above were made with the movable bearing placed
at positions B, C, D, and B, although only the data
from the tests with positicn C are. included herein.

. ) Figures 13 1& 15 16 gnd 19 are typical plots
«for. one bearing poeition (p081tion ¢)of . .the bending
moment at the yarious. sthtions. againsgt. ovalization for'
the range of D/% ratios that:wers. tested, while fig—
ures 17 through 22 are typical plots for.one - D/% ratio
(0.D.- = 3.850 in.,) for the bending moment at the various
stations against ovalization for the different bearing
positions that were useéd during -the tests. The bending
moment is teken as the produect of the load and the dis-
tance from the station of measurement to the centerline
of the mpplied ‘load, this distance for station zero (0) .
and the final equation is the lever arm L as shown in
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f*gure l As the¢ D/t ratio increases the ovalizatlon
VS banding moment ¢urves change from sbraight lines to
smooth curves and finally into a type of curve that: has_,
e sharp knee in it (0.D. = 3.650 in.,), THé bearing
clearance for the -tubes with diameters of 4.610 inches

and 44+251 inches was approximately 0,004 inch. The tube
with.a dlanmeter of 4.375 inches had a bearing clgarance
of approximately O. 010 inch. This clearance sxcesds. the _
normal landing gear bearing clearance. The 3,929 inch
and 3.650 inch diameter tubes had clearances of O 003 and
0.0025 inch, respectively. - _ : _ =

The second series of figures, 23 through 32, are
typical plots of ovalization against distance from the
btearing face, or gzero reference station., Figures 23, 24,
25, 26, and 29 present these data for the range of D/t
ratlos that were tested with one bearing position (posi-
tion C).~--Figures 27 through 32 present these data for
tests v1th all bearing positions for ome D/t ratio
(0.D, = 3.650 in.). These curves were plotted to obtain.
the general trend of the. ovalization as the bearing face
was approached and to permit the extrapolation of the
curveg u» to the bearing face. The curves were extanded
witihh the assumption of a pseudd~bearing, one that was
somewhat elastic and not as rigid as actual, on the basis
that the ovalization would continue along the game trend
if the clearance between the tube and the bearing re— T
malned constant, .. : -

Tests were conducted using compression loads in
combination with bending loads and with compression loads
only: these compression loads were applied eccentrically
ags well as in straight compression. No noticeable change
in -ovalization ocecurred when the compression loads were
applied, even-though the additional bending moment caused
by the eccentric compression load would seem to indicate
that the ovalization should increase., The maximum com—
pression load used was 11,5Q0 1bs, with a bending load of
6,000 1bs. .These tests were made on the two tubes having
the smallest thickness of wall, Inasmuch as it is shown
that conpression loads in combination with bending loads
had little or no effect on the ovalization resulting from
the bending load only, further: tests with compression
loads were not undertaken.

Some tests were also made cn the various tubes with
the bearing sleeve removed. The bearing sleeve referred
to in this case is the bearing in the movable bearing.
The bearing sleeve was removed and the movable bearing
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base was raised so that the tube was supported in 1ts
original position, Whlle the tests were not too closely
related, the results showed that the slope of the oval-—
ization vs._bendlng moment curve was definitely higher
without. the sleeve ih place than-with it., This higher
slope can Ve ;nterpreted to mean that the ovalization of
the tube for a given load will increase es.the clearance
between the tube and the bearing sleeve is increased,
although the magnitude of this increase has not besn
determined. As thig effect was ndt considered untdll the
investigation was more than helf completed, sufficient
data on the actunal bearing clearances were mot obtained
and this effect could not be included in the final eque~—
tion.

The ovalization was a maximum for a given bending
moment at bearing position A, decreasing as the movabdle
bearing was moved through positions B, C, and B, At
bearing position. D, however the ovallzatlon approaches
that of position €, the reason for this being attriduted
to the change in the ratio of the distance between the
opposite bearihg faces and the outside diameter. This
reasoning is based on the assumption’ thet the portion
of the tube between the two bearings reacts a8 & unit
with the two bearings (the same effect as if the two
bearings were rigidly tied together) until the movable
bearing is placed beyond position C. As the mcvable
bearing is moved toward position D, the fixed bsaring
end of the tube reactes as a restrained beam, but at the
movable bearing the effect changes from a 1ully restrained
to a partially restrained condition, the muvable bearing
tending to rotate somewhat with the tube as the.load is
applied, relieving some of the actual lead on the tuybe
at staﬂion ZEero.

The redults indicate that the ovalization of a tube
increases rapidly with the.ratio of the distance between
. opposite bearing faces and the D/t ratio. The ovaliza—
tion is dependent, however, mot. only on this ratio, dut
also on the bending moment and on the cantilever length
of the tube,

DEVELOPMENT OF OVALIZATION FCRMULA FOR MAXTMUM
POSITIVE OVALIZATION AT STATION ZERO, 90° AZIMUTH

On log—log curve sheets'(figs..SS through 37) were
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plotted the data for Ovalization vg., Bending Moment that
were extrapolated to the ‘zero reference station for the
tubes with different ratios of D/t., The straight line
trend of the points so obtained for any one given bearing
position and D/t indicated the following relationship,
which is merely the equatlon for the straight line on the
log—log plot: .

RS
a M
B X w-—-: -. ; g - z b3
. “ SEren aEw 100 Vi aY e F T
or
: “Yog W =vlog & + b log M'AiEj0 T v T
where : N ._ﬂ’_*fTT;f*",i; SR
w maximun p081t1ve ovaligation at station zero,
90° azimuth, inches . _ p
M cantilever bendlng moment, inch-pounds .
b slope of the line on the log-log plot.
a constant for any one curve . -

and _ .
v onmTa - - C Tor e Fawaomm .':.::-'

IO'T converélon from ten-thousandths of an inch to 1ndhes

Equations were then written for the curves of w vs,
M ' for eacH béaring position and each D/t. The resulis
indicated that the b terms.(or slopes) were substan—
tially constent for the curves for & fixed D/t, but
that the a terms varied both with beariag position and
D/t. It was necessary to make the a term of the general
equation a function of both D/t and a value which de—
pended upon the ‘begring position, The ratio of J %o
D/t was therefore used, where J ip the distance in
inches between outside bearing faces. )

5o . it TR L T &L ==
.ou ;_-‘ Pl 1N . = e -

. No direct. r&lat1onship Wes ﬁound for the varigation’
of the particular &  terms with the ratie: of -J ~to D/t
but a plat af logu~ log a) ‘ws. the rdtiec 'J - 2 Bt
as shown-in figure 38,.indicated.a straight line varla—‘
tion .fer-gack bearing position,with ‘the 'durves for the
five different bearlng positions inteérsecting at a common
point,  BQuations were deducad for each of these curves
usling the Fform: .- - W2 T A e BRsY .
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. J
v log (~:log &) = 0,10 + 8 —
T : D/t

0.10+3JL
: . -D/t

log a = - 10

or

\

where 0,10 ig the Y—axis intercept of the five curves
and 8 1s the variable dependent upqn bearing pospltion.

¥o direct relationship was found between 8 and the
cantilever length, L, but a plot of log [ log (10 8)] vs.
log (log L) resulfed in a straight line variation (as
ghown in fig, 39) for whkich the following equation was
written. . . o -

. log [log (10 8)] = —3.465 + 14,1920 1o0g (log L)

or

14.1980
log (10 8) = 0, 000343 (log L)

where 1 is the cantilever length, in inches.

As stated on page 9, the trend of the b terms (or
slope of the log-log plot of w vs. M, figs, 33 through
'37) indicated that the slopes. were- -substantially coanstant
for a given D/t. Averaging the practically constant
‘values of b° for the sets.of curves with.constant D/t,
values.of b .-were obtained which were plotted against
D/t in figure-4l, The following empirlcal equation was
deduced for the curve obtained. .

b = Log (D/8) = 1.143 & 0,75
3. 06 — 5.90 log (D/t)

It is to be noted here that the agreement of the
curves drawn using these slopes with the log—-log w vs.
M data for some of the curves of D/t : .of 7.0Q and 7.55
is not as good as for the data with the rother . D/t
ratios. 'The data obtained for thege two D/t .ratios
were obtaired using the parallel arm gage as opposed to
the doublse 1ndicator gages ussd in obtaining the remain-
der of the data. In addition, the data for the D/ft.
of 7.55 were obtained using a sleeve with'a very large

'}. i ~ -~ e B 'r':'_: PR .
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clearance, hence the incredsed.slope.
however, that the curve as shown in figure 41 of
D/%
heve been obtained had the data .for these D/t -

._-;-..._-_ ;e .,..,_.

- __,1_._ p

folldhs.":w

e et

PR SN

1og ‘2T b ldg M ~:4 0 ﬁf

T'Iog:w'#

log w = «~ 10 % b. log M - 4 O z
. 14.1980
log (10 &) = 0.000343 (log L)
log (D/t) — 1,143 0. 75

3,080~ 5,90 log (D/b)

Ehee oTE M. Lo

R D . Lz e - -
.,r_,—'.— -~ -p-—-w—

In order to. facil1tate the determinat{on of |

It is thought,

b

—— s e
;- - _._.__1 . .._.._,_

» - AT PR

a. --_-.-.v— -

11,

vs.

gives within reasonable limits the slopes that would
‘ratios

been taken‘under ﬁhe gamg oonditlons as for the'ethers'

-

10

any partlcular case,

values were calculated using formula

(4), 2iving. 7s. for a2 range of  cantilever lengthsg, Ly

"from

10 to 60 1nches.

Figure 40 contains the curve plotted

from these values and it also shows the experimental
points from. which:the equation was &educed. .: R

For determination of
to 'glvervalies of D..ifor
The results are piotted 1

K

The recommended procedure for detérmining ovallzation

when M, D/t, J, and L
from figure 40 determine
these values along with %
and solve for w.

ﬁ, equatlon (5) was solved _
values. of D/t frem §: $o-20.
h figure 41.:,” i B

2 = -

."’J

are known, is to determine =
b from figure 41, substitute
he other knowns in equation (3),
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- -G ONCLUSIONS,

- PR R O S P L
L - PR N R

SEEENEE R R R R e A Tl Terlduc AT
T B AT LI

1. Tubes of the kype commgnly used in landing gear
struts were shown to ovalize. to such an exftent under mor. ;
mal operating loads that "freezing' of the strut will
result if adequate;clearsnce is mnot allowed in the bear-

~

ing, or if means are not introduced to stiffen the tube .
aunfficiently t0 prevent excessivd ovslization.

. 2. The compression load, acting in straight compres—
sion or eccentrically, in combination with a bending load
does not affect the ¢valization, The eccentricity of the
compression load in these tests did not exceed four inches
and a greater eccentricity may.not act_in the same manner,
as when the bending effect overrides the straight compres—
gion effect. _ .. . . I :

University of Notre Dame; S
Notre Dame, Ind., Januvary 10, 1944,
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Figs. 1,2
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-Fig. 3

Figure 3a.— Test apparatus for bending load.

Figure 3b.— Test a.ppa.ra.tus for bending =
and compression load. =




Y 4

ar

NACA .

Teohnical Note No.922 Figs. 445

P-11R79A

Figure 5.— Double-indicator type ovalization gage.



Diiasionii b
N H . )

PR

Double-~indicetor type gage on tube at station 1.5

226*0N_930 TBOTUYSAL VOVN

9 *Brqg



NACA Techniocal Note No.922

TT

M

T

N P
L T

EERIN LD - T3S, x 100

Xl



KACA Technical Xote Ho.S22

Figa. 9,10

B keblo .

S

T
)

160

| partag isttom
Initisl Tube Diamter,
o . STATION 0,06

[t

{8BiER .

T
G S

v -
[N M O

P i )

1§ Toad-of b 333 Ihay- |-

DEQREES

AZIMUTE -~ DEGREXS

LR

. Reakiion tatwssh ovalisatich and apimath:

& epnstant bendt

U SN I

T

| I
AN

n Y T
[ S N I

¥
S N
i LG

ST

K]
!
P

AZIMUTH,

Pigure 10




Figs. 11,12

.922

FACA Technical Note No

A SARS K THHY o

I3 ] N ) ; I -

1 te s T 1113

T RIS

_ 1 PR | FEER
h k.ln ERpuNN N

SO SS

)

N S I Y O I
}

|

A N V. V.

TYiTT LT
ESERELLNINE

\\\\|1h\ |1~ |- NERR 14
A ARRAREE gL can iy nd caian T4 T
L tt"1 il L1 AT |4 -5 |- .
171 1-H H9 { -{ -] 4] 4 =TT
L} 0
llll ] ..l.‘.IL 1R M- h . - -1+ =t}
J | - T L HEH ] ]
I~ L N ARy N - H{+
] 3
aix Nl . Ll L |
EELL- RUNENNC SNy RS N 3 L -]
| lull. L FPNE | ] N IJ
Py N 0 U W X Al Ens AR NN Y IN|TTH
]t | . i e L1 h - 11 .
E FERRES N q
T ]

1
]
Li L
TR L
T

£

i

T b
]

T

+

1L
Ve
AL
)AL
787
4

Figure 12

QMR I3 ,”
g R T | RN
us -1 Ll o] -
Rewn r
= Jice oLt - |u
anflin
H
- Hn
EaEREn A, T "
Anals . - ]
R HAER 7 & [ yus s |
iRl AR SRR K T H z H Ngnugnni 1k |
- ! = |
 FF [ « RH -1

STATION,



L. g
e [
<0036 [ AR

i m HE
R& if e
7] . f :
o ook H . o
_ N “HeE

P

T

278" WI0K TPOTUNOSE YOTR

—e

T

J

T

BT

—~—Tt

e

B

~r Lf-

3
| B T

g U

¥

q

LLL

L }.fl [2l
b o ——

x

T T

(i
LN

]

ot

1L

+—
11
M 1

i TT

P
I_:--_;,.

IS

RN

AL LN

LA I LN ]
LW W .

TRT

3

L1 . . Y

AN & PY

e

Figure 14

T
L T

I

L il i e a— |

‘e #8714

]
LI




FAOA Technical Note No.92g Figs. 15,18

&

i 3 CO O L O O O T T
T A L ] 11 LI} | 13 LA L
=1 . H 1 L 1L 1 1
. T T 1T T
T + -
e T
. Y L [l L
H b I e
v - =
i .. H i 5
\ ) ™ L .
L .. LY
Y X
N AT
—|.|
1
T L
= i g
[~ i, Y
T . ¥ ' K
KT .
[t m
i Y
1 X X
iy
Ezal R
A 1
O i T
« ks
|
K \ m
B
) b . n

T
0

o.
Figurs 18

t & 1 3§ 9% %§ § § 3 § -

i

-
in
N

ns

T
ULLL
LITT

LIV
IHMARNAN

YR

IT
1Ll
INE NN
11

N ]

=™

1K

Tt

1
g
T

3
n
Lo

BTN MCMENT - IN, EXS. x 108

ENNEEANEEESNN S EENNrE NN ENE N

un !
EH I
-
I 1
i}
3\
.
i)
L.\ []
3 Ab]! A
T T
X ||!..H..~ 2
T g Y L
I T i 7 S HH
| 1 i " n 1T
: b masmish o e e e St
i 1 I T PR S e i B SO H TR -

0045
0040
0035
{030
0025
X020

o 1



FAOA Technical Woie Xo.822

Figs. 17,18

H

n’

T/ AN N

LLTTT

LLLET

JE e
120

71

T T

1~ R

L]
BENING EDMEXY, IN. IBS. x 107

A

d |

| |
rigurs 1i8

N

.

T

|
11
T

VL
(MH]

V.

T _
ROTHO NOMNT, TN, 18, x 105

AD

i’g_llil
Flgure .7

[}

T
I

T

|




-

¥AOk Technical ¥ote No.g22 - Figs. 19.30

S 1T I L Y T 0 O LU FEFA RO
3 T 1T B T P Y B P T
1 | N I 1N Pt v LAy e -y 0 1 T
T ot P T
— -1 T
LI & L] = N ——— - [ A
: P ™ %\ -
N o T \Y
b L - — s L ik - R
L i Ar/ Jﬁ... 0 lj/r - S ; &
= Tt [ I . TS T T S
A ] i T BB SN I o B LI} )
T ey “ T PPU_ 4N L—
E 2 T e
HT._.._I_.|1| ! R Ana T I
[ bt Lt Y a _M.I’ T AN
Il_.ml . T u a3 In
™ ! 1%
M “_— -
FRE,
T R S 2
N W 1] X N1
Lol T T M
N T LR, L\ -
T ot
a1 - - i : L 1 m
LT U = "
Im s . . A I _HLW% b iy N m-
. 1 . T
: r T 1 T ) ni ra s, N T Jn
L) I} i [ 1T - vl TN T T + LI By
LA S MY 1 LI I~ ~ 0 AL W T 1
i b 1T ] g =, I i R N -
I UL L [l | N Lt ) TN A I I, W Y 1]
Fill } 1 1 =~ 1 1 LN I N, U L
L. ) [0 N ML e ..-.%M -
it n ¥ N B e, S n 13
|31 1 s W | . N 1 m
] | S B o . i~y A WL
1 Lyl T S
mu i 1 i g
rn : *
T W ANE 0
1 AWI . .
1
T I o
3
L | m
i L B
1 fud .
: =l
4 wl
I i kL 1 - LN ) n n
1 [ Tt BT =
T T - .u L
i} L = I N ey | [ 11
T R ! e I T L H
T F] i - . T
1 - fr L g o 40 g
(M) . Sl Sl A T R i nw.... g
| L Emt el (i i (N
L. X T s e e
w
R ~
- r. T T L T ey T T TTTY
m T 1 T SRS L ¥
H — 1 . ¥ 1 0 -
1 7T ITT wE
= {iin T 13
T L Il
T * 0 )
a T N By Py — 1
1)
i SN ¥ i
T [ 2]
: | | ¢ |
I [] hul -
I AW 1
] an I
H ~ + t L)
] N 1y
o %
a 1
)y
L s
L1 I
1 LI i)
= A
T
+
X |
} ! ]
1 L.
1 ~ s
N L} s
: 1 ¥ I
M 1
o T 1 '~ 7 ey
| D : RY
= | I . 1 Y LY
L/~ AR T 1 S 5 N AW
R 1 M ™ " I
- T o N
n 1 1] T - } "
H ; n i
I { i =
1 (I
n [ N M
1 b 1 T X
+
1 .
1
T T
LI i L
I L] I
L LN
1 l
I N BT R B I a 11 H n
1 : o —— I T
1 L sl [0 S = T :
- ! o= e L — v * IO
— N
= —3 =t R mex
v 3 —T T i T RS e -
t n __. _. 1 _F-T_—_ rE*" - ._.._ _Ll_.
1 I 1 1 H Y] Lt L. — Pl | E1]
] LM T ) Ll } 11 ._.n.wurlx | I 3 ]
N T n - U PR S i [T
-+ L __% ai 3. Aoy fon UL R
L 1 11 1 1 I o1 IR | N T R 1] —




HAOA Teohnical Wote No.o22 Figs. 20,22

; I A LA A L IO O L e TE ITTTT
P e T T | S L A L N A
i ke [ - T aa{ | ST Ty L] g
O Y - Lo —t Tt L
L Ly 0 13 |
], 1 (3
ST Ly i - ..
i PR *
T . PO OO T
o |
n - - = T T
y T H T
1 n L ;
" et b = 4
0 T Cie A
i n T i
. 1 'l Y 1 L1
: ' AL i XT o
1 e
s H X7
A X
A T L)
AW 1| .
i 1
A e 1Ny T m
T FI! T
. 1 e X 3 o
- | | 1 1} LI
I . o 2 Y 1 Emanal-]
3 t : .
1]
A AL
h W X
: T ot TN
0 1] ] k!
T LY
1 K
_ ] NIH =
T
T
T i B,
T1
A~ ) = 35
Py A
% T
q
=iy )
Ny m_
T i 4 uEN i
v e _ i T ab
n [ n T + T T 1 Fnd
- T T T 3 (I LA | "
i T 13 T g | T
1 T T n T H L L w | I
1 L3 I
§ 1 0 - ; r n
1 } I 1
0 1 M ] H W 1 1
1} LI I L o L 1 b I 1
T T8 R ¥ T PRI B AR O O ] (N3 n ,
(M T 1 I3 N ¥ A ] I
TITTTT FT. T T TLET TTITT]
N | L3 | I T (WA
() 1 H L L) 1 L Y | x|
N . " T T LI L LA~ D
I 1} 1 PP [}
y ) - -
T T 4
T | I T [ 1 ot T L1
R | | L v 1
e u it L O I s o
- 0 | 1 Ca. % 1 ] H
T ! Fill Y 1 L L |
et P A ™ T
M | i [ [ L]
. L W N h
I ) [
o N | 1}
—_ L] > u -
T 1 1 . y
= K
= 1 ] - ﬂw
m - . L
- —p - g — ] ] ‘.
= = 3 . N,
by T | g .
I i 3
kT . T N B m
1} T L .
] A
n T T T T T
T T T ' L v o R
7 T T T L N ]
T T1 1 0 " TN » [
§ I T T ] T 5
I A t i o X (i
I B M YR (8 ) ~ b, (RN
n e L ] L
x [ N M } [] i) b,
P ' N H Ty » 4 i
T~ - n re) Y L .
u e L T 1 1 N
5 (W . n | | T A .
| I T o 4 1 -
P et 11 n ’
[ W | I 1 H N
N LI T A Y e
m . “ bl b .
= 3
= |- 3]
¥ ﬂ
I
" ! HH ¢
: : EEREEE 3H &
N
T g ¥ kB T b iz -]
- | e Lc. - Y [l L []
- = L L B L i B T T ] T T o
I AN 0 T ry M R |
; . T " P L =
ol - —~
RN = oY : SRR T
s i 1 N N ..::T.LLLLL..—I 7
L E L} 1 5 W I gy ) RN S I
s ." } L l*“ 10 S e M b ]
T i $- e . +
Li 1 i v. 2 i i e s Mars | i




Jy

BpE

Jiln'l'i_l EEn &

T

1335

|
al

o

AT RE A R e

T
inwn

1

: I
191 g o
i

HIjtE EELE z - g E
LEF _"‘ e == 23 E B H === Frl
== =523 . FH EFH

o WLJ
b
1T
hi+
TS "0 e30N T¥OIRHOR] Vb'!

OVATIZATION, W, INOERS

H

N

nip s

B

i
1
T
1
% ]
1]
I
i )
- T
%’.
071 o
1
—
3
T
-
v .
pr.4 i
.

L34 ) o 0
H

I

n

|

il
T

Fii

-

s EEFFEEH FrEEF Eazigdza: =21 e HrR A NS (R 5 :
3t EEELEL 3 =2 H it
i Ei ! & Hi B Y o= =
BN A 1H e .
] 4 H H B B Rulk’E =
Ll 1 RARLE 1
1 HEL } - H HE SEENE JLE] Bt - .4{._
SRsEddadzEs EHHF T
df= FHH mm i §
u C -y
[ . ol e
' B
111 NER ERR| 1 E _
[ | "NORKRRDITITY - Fha NVENY A RER NN A En RN AT N RN
5 0 1 2 3 k ?
DISTANCE FA(M BEIRTIO PACE - IN, :,ngurclu DISTANCE FROM WEARIWG FACE - IN. x.




HAOA Technloal Hots ¥o.322 ...-..»w-. 25,28

[N PRV W P . L

Sy

1T

HALEN Rudiny g LERE

!il;i

T3

[0 LA AN

Y i

L TN LM

2

i 3._. . :
DISTAMCE FROM MEARDNG FACK, INCHES

T

| i K

i ot .0 o
IS W

1]
1
8]

Figure 45

EH




L

FACA Tachntcal Notwe No,.%2% . HPM-F 37,88

- I¥.

s
l'\"

07 h
]
[

B

L.
Tt

Inftinl fube Dianstery- Dy - 5,650
1391

LLL;
1

sl g Yo ki I ry-1,

Figura 38

I

DISTARCT FROM BRAETNG FACE - IN.

i

ﬁ_._ ,jvr ._

0
Figure a7




BACA Technioal MNots Ho. 522 Pige. 29,30

AR R R L H g
R 3 S T L
IRELimE IS Rk
o - un”n o
1 e e R




HACA Technical Hote Yo.822

bk AR ]

[ 1

T b [T

N2 91"

-

(el sabld

i
]

FEIRE KA

T

RN
T

L_'E e

Hinall

=349

| SN YNEN
FIET!

AR
481

Lad e Lt

T
ity
H RN IR

Hi
iaid L DEREY FERESS
IR

Figure 351

rigs. 31,33

DISTANCE FEOM BEARTAG FACK - IN,

F
"Flgure 32



Bm, b

1

3
BRHDING MOMINT

Figure 34

T X ' v = =3 ==
T ]
EEHER PR by e :
) t T ﬁ -
i o
T I
¥ I T 1 Tt
T T T -
T
T
12 e | )
- 177 AL
t i1
1
T
1.1
FLE LU Lt rini|
L A 2
E: BXHONE ‘M
.
i rify P TTITNTITIT T TIT T
T M 3 f
T v
1 i
. |
. L
{ . el L
:
=
T T ru =i
e Tt 1
eyl S
= T ooty
T o
t } } T H
5 = T T T
il T UL
1 ' Ty LI — ——
=
= 2 HEDHT
7 O S
I " + b T
o P T
e R
- = —H1- Pl
- o ek S il
e 5
1] o y b s ] T
It L kS ‘FTHT TN L
I in T
o LM 21 102 1 oy ralled
i) nn H m
+ .._ - TV )
1=k - |
T
= T
r g e T ardh y
i e G
T pefiln
= = Bl

Figure 33




#. 1. v
| MacA Techni

=

o

?
HODING MOMENT -~ IM, IBS, x

Figure 36

= f =
1T - T
Ty .
. T
) Ty N -
= -
i+ 1T
T
~ | 118 H
> 12
L3 - T
= ©
== ==
it : w
T T == T
T
S e :
i TH T
n
=: 5 ==
S-S = ~n
T t
T
- i
: ot - o
T - T
T
I " T 1T "
L 1
1] T
10
: 3 T -
T " T
1 T . T TR i
L L] . - b I tad
SHHONT ‘M “NOLLVZITVAO m m
T Hodorybids $id g e = 1
= i T = =
e T
— 3 I =
I t NG T T
+ - } ———y .P-. T
> 1 = - T
T L - ey
imn —_— T
b = i : : i
1 " 1k Il
N T A\ n 1
m 2 A N n
I i 1l A\ P iy
5-1 - A B AN \ . VL
. L A\ Iy o
T I PR \ V. A
t o AN
H i - . [
i = 5 ==
Yam sy T L=l
15 ==y 5
b T T 3
o V- = |-t o ¥
s el {sasiaaes v Y v oo T
s b o : |y i ranmary s IRy t T
g d T : 1 t N }
|3 S0t k1 - T
e A b
13 EEgiat e
: E T T = H
1
T
T [
= = n
e
=
1 =T -
t teass
= 3 jSsir et .
4 : T
i i
T rH-HtTT
T :
¥ T
He—+
T
I ) T
o] }
h T
1 T
0 N

I

I
Figure 35

H-

+0001,



'NACA Technical Note No.922 Fig. 37—
«01006 : — = 55

R

YCEETT
T
L1l
T

i

000%

2 2 .
=2
= :
™ T
!
.mmi‘
9 == = Feh -
<0005

3 23 4 %= % % & 8§ 1o % £
EENDING LOMENT, IN. LS. x 10% .
Figure 37



Figs. 38,3¢

NACA Technical Note No.922

-
-1 A W e
1] unw
.4
H
NEN nE
N
A C
WENN A i -
- I
}
N\
L1 "oy y 17
i . HH
L y
et . 1
..— 5"
A HEH
A 4 myE
y
)
A
N
A t
. A
] ] 4
..\
i
y
A
] A
i ELE - -
Fowry” L
H : N L
- " 1 ﬂ! . DI
ALY v Al
11 Ul
- -y
nN I




l)

¥
T
T

-1

[T ]
- i
L ol

N

(15

T o
]
T
1
[ Tr
=t
T
T
|
T
EaLa
AR L
o
)
1
1 11
T
1

Figs. 40,41

NACA Technical IE

Ll
T

Y
Toab VBT

T .L_“ JJ_I:':_.."'_',_' A H

T :

L]
LR
~r
T
T3
T

.
i
Tire
=t
- HH
B
Eeinsdhie i
' o 2 e -
\ LN
-
i
T
T
1
1
Y
1 .
+ v
Lt
t
i
5
I
N\
=
=
=
=
] 1 - - et L1
T N 1 uEAAEN 1
Raman -
Y i N
T RNE
| 1 f




